

SECTION 26 05 29

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS


PART 1 – GENERAL

1.1	SECTION INCLUDES

A. Hangers and supports for electrical equipment and systems.
B. Construction requirements for concrete bases.

1.2	RELATED WORK SPECIFIED ELSEWHERE

A Division 1
1 Section 013000: Administrative Requirements
2 Section 013300: Submittal Procedures
3 Section 014000: Quality Requirements
4 Section 016000: Product Requirements
5 Section 017000: Execution and Closeout Requirements
6 All other included sections under Division 1
B All included sections under Division 26
C [bookmark: _GoBack]Manufacturers’ manuals, product bulletins, etc.

1.3	REFERENCE STANDARDS AND CODES

A Published specifications standards, tests or recommended methods of trade, industry or government organizations apply to work in this section as cited in Section 260000.
B American Society for Testing and Materials (ASTM)
1 ASTM A36/A36M: Standard Specification for Carbon Structural Steel
2 ASTM A167: Standard Specification for Stainless and Heat-Resisting Chromium-Nickel Steel Plate, Sheet, and Strip
3 ASTM A276: Standard Specification for Stainless Steel Bars and Shapes
4 ASTM A325: Standard Specification for Structural Bolts, Steel, Heat Treated, 120/105 KSI Minimum Tensile Strength
5 ASTM A563: Standard Specification for Carbon and Alloy Steel Nuts
6 ASTM B221: Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes
7 ASTM B632: Standard Specification for Aluminum-Alloy Rolled Tread Plate
8 ASTM B633: Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel
9 ASTM E488: Standard Test Methods for Strength of Anchors in Concrete Elements
10 ASTM F594: Standard Specification for Stainless Steel Nuts
C American Welding Society (AWS)
1 AWS D1.1: Structural Welding Code - Steel
D California Building Safety Codes (CBSC)
1 California Building Code (CBC)
2 California Electrical Code (CEC)
E General Services Administration
1 FF-S-325
2 W-C-582: Conduit, Raceway, Metal and Fittings: Surface
3 WW-H-171: Hanger and Support, Pipe
F ICC Evaluation Service (ICC-ES)
1 ESR-1917
G Manufacturers Standardization Society (MSS)
1 MSS SP-58: Pipe Hangers and Supports – Materials, Design, Manufacture, Selection, Application, and Installation
2 MSS SP-69: Pipe Hangers and Supports – Selection and Application
H Metal Framing Manufacturers’ Association
1 MFMA-4: Metal Framing Standard Publication
2 MFMA-101: Guidelines for the Use of Metal Framing
I National Electrical Contractors Association
1 NECA 1: Standard Practice of Good Workmanship in Electrical Construction
2 NECA 101: Standard for Installing Steel Conduits (Rigid, IMC, EMT)
J Underwriters’ Laboratories
1 UL 2239: Hardware for the Support of Conduit, Tubing, and Cable

1.4	QUALITY ASSURANCE

A. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
B. Comply with latest editions of the California Building Code and California Electric Code

1.5	SUBMITTALS

A. Submit under provisions of Section 013000 or 013300.
B. Submittals shall include the following:
1. Table of contents
2. A complete set of detailed manufacturer’s specifications describing and illustrating all standard and special components and materials
3. Part numbers
4. Evidence of compliance with the applicable standards listed under Article 1.3 of this section
5. Maintenance instructions and intervals
6. A complete set of drawings for any special items
C. Electronic submittals shall be searchable
D. Shop drawings shall be stamped and signed by a licensed structural engineer. Show fabrication and installation details and include calculations for the following:
1. Trapeze hangers: include product data for components
2. Steel slotted channel systems: include product data for components
3. Equipment supports
E. Welding certificates
F. The submittal shall be substantially complete for all items and equipment furnished under this section.
G. Individual drawings and data sheets submitted at random intervals will not be accepted for review.
H. Substitutions:  Items of same function and performance shall be submitted in conformance with Division 1.

1.6	OPERATION AND MAINTENANCE MANUALS

A Submit manuals at close out.
B The manuals shall, at minimum, include the following:
1 Manufacturer (including contact information)
2 Model number
3 Load ratings
4 Material type(s)
5 Environmental ratings
6 Maintenance requirements
7 Installation instructions
8 Repair instructions (where applicable)
C Provide manuals in one of the following formats
1 Three hardcopies
2 PDF

1.7	PERFORMANCE REQUIREMENTS

A. Delegated Design:  Design supports for multiple raceways, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
B. Design supports for multiple raceways capable of supporting combined weight of supported systems and its contents.
C. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.
D. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads calculated or imposed for this Project, with a minimum structural safety factor of five times the applied force.


PART 2 – PRODUCTS

2.1	SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

A. Steel Slotted Support Systems
1. Comply with MFMA-4, factory-fabricated components for field assembly.
2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4.
3. Nonmetallic Coatings:
a. PVC, polyurethane, or polyester coating applied according to MFMA-4.
b. Minimum thickness shall be 40 mils.
4. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-4.
5. Channel Dimensions:  Selected for applicable load criteria.
6. Manufacturers:
a. Cooper B-Line, Inc.
b. ERICO International Corporation
c. Hilti Corporation
d. Thomas & Betts Corporation
e. Unistrut
f. Approved equal
B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101.
C. Conduit and Cable Support Devices: Steel hangers, clamps, and associated fittings, designed for types and sizes of raceway or cable to be supported.
D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of threaded body and insulating wedging plug or plugs for non-armored electrical conductors or cables in riser conduits.  Plugs shall have number, size, and shape of conductor gripping pieces as required to suit individual conductors or cables supported.  Body shall be malleable iron.
E. Structural Steel for Fabricated Supports and Restraints:  ASTM A36/A36M, steel plates, shapes, and bars; black and galvanized.
F. Mounting, Anchoring, and Attachment Components:
1. General:
a. Anchors shall be steel with corrosion resistant, durable coating or stainless steel
b. Select anchors with strength required for anchor and as tested according to ASTM E488.
c. Minimum length shall be eight times diameter.
d. Tension, shear, and pullout capacities shall be appropriate for supported loads and building materials used
e. Post installed anchors must be listed in a current evaluation report issued by one of the following:
1. International Code Council Evaluation Service (ICC-ES) (http://www.icc-es.org/reports/index.cfm?search=search)
2. Powder-Actuated Fasteners:
a. Threaded-steel stud, for use in hardened portland cement concrete, steel, or wood
b. Manufacturers:
1. Hilti Corporation
2. Simpson Strong-Tie Co., Inc.
3. Approved equal
3. Mechanical-Expansion Anchors:
a. Insert-wedge-type, stainless steel, for use in hardened portland cement
b. Anchors shall meet the descriptive part of Federal Specifications FF-S-325 Group II, Type 2, Class 2, Style 1.
c. Anchors shall be equivalent to Hilti Kwik-Bolt TZ.
4. Concrete inserts shall be steel or malleable-iron, slotted support system units similar to MSS Type 18; complying with MFMA-4 or MSS SP-58
5. Clamps for attachment to steel structural elements:  MSS SP-58, type suitable for attached structural element
6. Through bolts shall be structural type, hex head, high strength and comply with ASTM A325
7. Toggle Bolts:  All-steel springhead type
8. Hanger Rods:  Threaded steel

2.2	FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions of supported equipment.
B. Materials:
1. Comply with requirements with ASTM A36 (ferrous metals), ASTM A167 and ASTM A276 (stainless steel), and ASTM B221 and B632 (aluminum) for shapes and plates.
2. Hot dipped galvanized steel
3. Stainless steel for corrosive areas

2.3	CONCRETE BASES

A. Concrete Pad
1. Concrete shall have strength of 3000 PSI within 28 days.
2. The pad shall be large enough to achieve the following:
a. Edge of anchor bolt holes shall be a minimum of 10 times the bolt diameter from edge of pad.
b. Edge of equipment shall be a minimum of 8 inches from edge.
3. Minimum thickness shall be 12 inches with 3 inch deep by 12 inch wide footing around perimeter
4. Bottom of footings shall be a minimum of 8” below finished grade.
5. Pad shall include #4 rebar at 10 inch intervals in both x direction and y direction.
B. Concrete Pole Bases: Refer to Typical Details


PART 3 – EXECUTION

3.1	APPLICATION

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical equipment and systems except if requirements in this Section are stricter.
B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for EMT, IMC, and RMC as required by California Electrical Code.  Minimum rod size shall be 1/4 inch (6 mm) in diameter.
C. Multiple Raceways or Cables:
1. Install trapeze-type supports fabricated with steel slotted support system, sized so capacity can be increased by at least 25 percent in future without exceeding specified design load limits.
2. Secure raceways and cables to these supports with two-bolt conduit clamps 
D. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2-inch (38-mm) and smaller raceways serving branch circuits and communication systems above suspended ceilings and for fastening raceways to trapeze supports.


3.2	SUPPORT INSTALLATION

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this Article.
B. Raceway Support Methods:  In addition to methods described in NECA 1, EMT, IMC, and RMC may be supported by openings through structure members, as permitted in California Electric Code.
C. Strength of Support Assemblies:  Where not indicated, select sizes of components so strength will be adequate to carry present and future static loads within specified loading limits.  Minimum static design load used for strength determination shall be weight of supported components plus 200 lb (890 N).
D. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten electrical items and their supports to building structural elements by the following methods unless otherwise indicated by code.
1. Wood framing:  Fasten with lag screws or through bolts.
2. Light gauge steel framing: self tapping screws
3. Steel beams: beam clamps
4. Concrete: expansion fasteners

3.3	CONDUIT SUPPORTS

A Conduit supports
1 For Individual conduit runs not directly fastened to the structure:  Rod hangers
2 For multiple conduit runs:  Trapeze type conduit support designed for maximum loading deflection not exceeding manufacturer's recommendations.
3 Wire or sheet metal strips are not acceptable for conduit not directly fastened to structure or for multiple conduit runs.
B Support conduit with Underwriters' Laboratories listed conduit support intervals required by the California Electric Code.
C Individual conduit 1/2 inch and 3/4 inch size may be supported from ceiling support wire with Caddy clips only if acceptable to local code.  Only one conduit is permitted to be attached to any ceiling support wire.  Hang such conduit so as not to affect level of ceiling.
D Avoid attaching conduit to fan plenums.  When it is necessary to support conduit from fan plenum, provide a length of flexible conduit between the section attached to the fan plenum and other sections. Provide a length of flexible conduit between the portion attached to the building and the rest of the conduit run to minimize transmission of vibration to the building structure.
E Supports anchored to earth shall be anchored in a concrete base per details.

3.4	INSTALLATION OF POST-INSTALLED ANCHORS

A. Minimum distances
1. Bolt hole edge to edge of concrete: 10 times bolt diameter
2. Bolt center to bolt center: 12 times bolt diameter
B. Expansion type anchors
1. Anchor shall be installed and torque per manufacturer’s recommendations.
2. Setting verification: 
a. Torque-controlled anchors: Following attainment of 10% of the required torque, torque-controlled anchors shall not require more than six (6) additional complete turns of the nut during installation to achieve the manufacturer's specified installation torque. The extent of bolt projection after installation shall be measured to confirm that this requirement has been met. 
b. Displacement-controlled anchors: The position of the plug in the anchor shell shall be checked with the manufacturer-supplied installation tool or other appropriate device. The position of the plug shall conform to the manufacturer's specifications. 
3. Allowable loads
a. Anchors not installed in underside of beam/slab:
1. When tested in accordance with AC01, Section 5.6: Values listed in ICC-ES report
2. When not tested in accordance with AC01, Section 5.6: 80% of values listed in ICC-ES report
b. Anchors installed in underside of beam/slab:
1. When tested in accordance with AC01, Section 5.6: Values for anchor without special inspection or in cracked concrete in ICC-ES report
2. When not tested in accordance with AC01, Section 5.6: 80% of values for anchor without special inspection or in cracked concrete in ICC-ES report
C. Epoxy-type (adhesive) Anchors
1. Allowable loads: values from ICC-ES report when compliant with AC58.
D. Anchors must receive special inspection per CBC Section 1704.15.

3.5	TESTING AND INSPECTION OF POST-INSTALLED ANCHORS

A. General
1. Post-installed anchors shall be tested in accordance with the provisions of 2001 California Building Code Section 1923A.3.5, by an authority having jurisdiction accepted testing facility, unless approval of an alternative individual is obtained in advance from the authority having jurisdiction. 
2. If any anchor fails testing, test all anchors of the same type, not previously tested until twenty (20) consecutive anchors pass, then resume the initial test frequency. If the anchors are used for the support and bracing of non-structural components (pipe, duct or conduit), the twenty (20) shall be only those anchors installed by the same trade.
3. Test equipment (including torque wrenches) is to be calibrated by an approved testing laboratory in accordance with standard recognized procedures. 
4. Regardless of which test method is chosen, test values and all appropriate criteria shall be shown on the contract documents. 
5. Anchor diameter refers to the thread size for the wedge and sleeve categories, and to the anchor outside diameter for the sleeve category. 
6. Apply proof test loads to wedge and sleeve anchors without removing the nut if possible. If not, remove nut and install a threaded coupler to the same tightness as the original nut using a torque wrench to apply the test load. 
7. For sleeve/shell internally threaded categories, verify that the anchor is not prevented from withdrawing by a baseplate or other fixtures. If restraint is found, loosen and shim or remove fixture(s) prior to testing. 
8. Reaction loads from test fixtures may be applied close to the anchor being tested, provided the anchor is not restrained from withdrawing by the fixture(s). 
9. Alternate torque test procedures and test values for shell type anchors may be submitted to the enforcement agency for review and approval on a case-by-case basis when test procedures are submitted and approved by the enforcement agency. 
10. Required test loads may be determined by either of the following methods: 
a. Twice the allowable tension load from Part 3.4.
b. Tension or torque test values from the table and procedures.
	Test Values (Hardrock or Lightweight Concrete)

	Anchor
	Wedge
	Sleeve
	Shell
	Screw

	Diameter
(in)
	Load
(lbs)
	Torque
(ft. lbs)
	Load
(lbs)
	Torque
(ft. lbs)
	Load
(lbs)
	Torque
(ft. lbs)
	Torque
(ft. lbs)

	1/4
	800
	10
	400
	4
	1000
	-
	-

	5/16
	-
	-
	400
	5
	1400
	-
	-

	3/8
	1100
	25
	700
	10
	1800
	-
	10

	1/2
	2000
	50
	900
	20
	2700
	-
	10

	5/8
	2300
	80
	1100
	45
	3700
	-
	10

	3/4
	3700
	150
	1400
	90
	5400
	-
	20

	1
	5800
	250
	-
	-
	-
	-
	-


11. If the manufacturer's recommended installation torque is less than the test torque noted in the table, the manufacturer's recommended installation torque should be used in lieu of the tabulated values.
B. Expansion-type Anchors 
1. The test load may be applied by any method that will effectively measure the tension in the anchor, such as direct pull with a hydraulic jack, calibrated spring-loaded devices, or a calibrated torque wrench. Displacement-controlled anchors such as drop-ins shall not be tested using a torque wrench.
2. Anchors tested with a hydraulic jack should exhibit no discernable movement during the tension test, e.g., as evidenced by loosening of the washer under the nut.
3. Anchors tested with a calibrated torque wrench must attain the specified torque within 1/2 turn of the nut. 
4. Exceptions: Undercut anchors that are so designed to allow visual confirmation of full set, need not be tension or torque tested.  If the manufacturer's installation torque is less than the specified test torque, use the manufacturer's specified installation torque for testing the anchor. 
5. Apply proof test loads to wedge and sleeve anchors without removing the nut if possible. If not, remove nut and install a threaded coupler to the same tightness as the original nut using a torque wrench to apply the test load.
6. For sleeve/shell internally threaded categories, verify that the anchor is not prevented from withdrawing by a baseplate or other fixtures. If restraint is found, loosen and shim or remove fixture(s) prior to testing.
7. Reaction loads from test fixtures may be applied close to the anchor being tested, provided the anchor is not restrained from withdrawing by the fixture(s).
8. Shell type anchors should be tested as follows: 
a. Visually inspect 25% for full expansion as evidenced by the location of the expansion plug in the anchor body. Plug location of a fully expanded anchor should be as recommended by the manufacturer, or, in the absence of such recommendation, as determined on the job site following the manufacturer's installation instructions. At least 5% of the anchors shall be proof loaded as indicated in the table above, but not less than three anchors per day for each different person or crew installing anchors, or; 
b. Test installed anchors per current edition of the CBC Section 1913A.7.
C. Epoxy-type (adhesive) Anchors
1. Epoxy-type (adhesive) anchors shall be tension tested per current edition of the CBC Section 1913A.7. The tension test load shall equal twice the allowable load for the specific location of the anchor to be tested (i.e., accounting for edge distance) or 80% of the yield strength of the bolt (0.8AbFy), whichever is less. The test procedures for expansion-type anchors in the attached table shall also be used for epoxy-type (adhesive) anchors. Torque testing of epoxy-type (adhesive) anchors is not permitted. 
2. Where epoxy-type (adhesive) anchors are used as shear dowels across cold joints in slabs on grade and the slab is not part of the structural system, testing of those dowels is not required. 
3. Anchors shall exhibit no discernible movement during the tension test. 
D. Screw-type Anchors
E. The following criteria apply for the acceptance of installed anchors: 
1. Hydraulic ram method: The anchor should have no observable movement at the applicable test load. For wedge and sleeve type anchors, a practical way to determine observable movement is that the washer under the nut becomes loose. 
2. Torque wrench method: The applicable test torque must be reached within the following limits: 
a. Wedge or Sleeve type: One-half (1/2) turn of the nut. 
b. One-quarter (1/4) turn of the nut for the 3/8 in. sleeve anchor only.

3.6	PAINTING

A. Touchup:
1. Clean field welds and abraded areas of shop paint.
2. Paint exposed areas immediately after erecting hangers and supports.  Use same materials as used for shop painting.
3. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils (0.05 mm).
4. Comply with the following requirements
a. Architectural painting specifications
b. SSPC-PA 1 requirements for touching up field-painted surfaces.
B. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A780.


END OF SECTION
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